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Comparative study of acidification systems for determination
of heavy metals in soils from different areas in China

LI Qiang CAO Ying"™" GAO Cunfu LIU Yafeng ZHOU Mi LIU Xiaoxue
( Environmental Analysis and Testing Laboratory of CRAES, Chinese Research Academy of Environmental Sciences, Beijing, 100012, China)

Abstract: In this. paper, the digestion system of nitric acid-hydrofluoric acid-hydrochloric acid-
hydrogensperoxide (5:1:1:1) and the digestion system of nitric acid-hydrogen peroxide (6:2) were
uesd. Seven elements. of chromium, nickel, copper, zinc, arsenic, cadmium and lead in soil were
analyzed by microwave digestion and inductively coupled plasma mass spectrometry (ICP-MS). Nine
quality control samples of soil and sediment from different parts of the country were analyzed. The
effects of full microwave digestion acid system on the determination of seven heavy metals in soil were
studied. The results showed that for Cr and Pb elements, the results of the soluble elements by the
nitric acid-hydrogen peroxide method were significantly lower than the results of the total amount of
elements by the nitric acid-hydrofluoric acid-hydrochloric acid-hydrogen peroxide method. Without
the addition of hydrofluoric acid, it was difficult to dissociate Cr and Pb from the silicon lattice. For
As element, the recovery of the nitric acid-hydrofluoric acid-hydrochloric acid-hydrogen peroxide

digestion system was slightly higher. It was speculated that the reason was that the chloride ion
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introduced by hydrochloric acid had caused mass spectrometry interference in the measurement of
ICP-MS, so the digestion system should avoid introducing chlorine. For the results of Ni, Cu and
Zn, the recovery rate of the nitric acid-hydrogen peroxide digestion system was in the range of
75%—110%. The deviation of the results of the two digestion systems was low. So the results of the
soluble element determination by the nitric acid-hydrogen peroxide method could well reflect the
level of the total amount of elements. Comparing the results of soils in different regions, it was found
that part of Cr and Pb in the soil was difficult to be completely digested by the nitric acid-hydrogen
peroxide system and was in a stable state in the environment. This result was not applicable to Pb in
sediment and laterite and Cr in laterite. Therefore, the use of the nitric acid-hydrogen peroxide
system could more accurately assess the environmental damage of Cr and Pb.

Keywords : inductively coupled plasma mass spectrometry, soil ,microwave digestion.
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1 SLI8#84 ( Experimental section)
L1 BB B 7]

HJEHE A S B IR B %X . S5 1 Agilent 7900 ; S T i . 25 [ CEM Mars 6 Classic; L4387 K. B £ Mettle-
Toledo X240 # | £/N3FE 0. 1mg ; BBAE/K AL B R G0 . L SR A PR 24 F] Direct-pure UP.

BilTR . PR 28, Fisher Chemical ; E AR WEIK : % 4E, CNW Technologies ; #5118 , 2k 4, Jb5ifb T ; B L T E IR
A UARHER T 10.0 mg- L™, 32 Agilent; S50 HK B AIK GEADKA RS , 1 RWAWRHEA 7.4 51— E &
B ABE Z TR IR A A UM, FH 2% MBS VA G TG R , B0 ) BB =R B2 43994 0,1.0,2.0,5.0,10.0,20.0,50.0
100,500 pg- L™ ARHE R 2. ARFRHEGE VTR X5 10.0 pg- L' B NARFRUER U8, FH 2% PRI R 1.0 ng- L7,
AR IR B R LRI A, AR TC R AL R T B SRR L2900 50 pg L7

8RS T AR AR 5 BTN E AR AT r SR o e R A B M R A A Bl T 9 T L B A BT ) v 3
1B 4T I R ST B
1.2 BRI TE IG5 T

HERFRI 0.1 g CREH1 28 0.0001 g) 338/ UURWAE At | B T3t T AR P A 1 mL MR ER R 5 mL ¥RANIR , 1 mL SR
FR AN 1 mL BUEUK (BE A 6 mL MRS ERFN 2 mL XLAEIK ), 445 T Ak R JC A 80O T ik ASC R A7 T A, 1 8 T I (0 0 o5
10 min Y FHE £ 180 °C , JF7E 180 C14F 40 min. MG & E B2, /IO AT F I M HE ) 35, W T Ffk R O A JEE R (U P ( 2
FHAHLER ) ,150 CHUTATER , ENEWEE T R EZIRG , FUKEMNEY SRR BRI 2 100 mL A=,
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4li/KELAZE 100 mL, B VE R E 3085 2700 5E

Zorl RV OLAL RS TAESRPE LR L AP BR R N et it PR Bz &, 280 h A IR ITER S Ge,
In Th .Bi 45, 11" Rh JGZ A L & AKX /N 25T AT & IR T 20— A P AR Rh o6 38 B AT S B -+ 357 A4 SRR v
AR Bt 24 80 R I RIS E . K, A SCHERE' " Rh S MR TTE.

F1 ICP-MS AL TAESME R SEL

Table 1 Condition and parameters of ICP-MS
TAESH e E TAESH WEE
Working parameter Set value Working parameter Set value
Ak VAT 2a FALE IR 2C
RAERE 10.0 mm Ao [a] As03s, Cd s
SRAEAE Ni £ A (Ce0/Ce) <1.5%
RF T 1550 W L ff (Ce?*/Ce) <3.0%
RF DLig 1.80 V PR TC 2 o % 1% Rh
AR 1.08 Lemin™! R0 2 i 4 2Cr,ONi, ®Cu,%Zn, BAs,"Mad, 2%ph
AMES 0 Lemin”! He it it 4.5 mL-min"!

1.3 T RIHERR

XF Cr Fl As AT M, 76 m/252 Fl m/275 Wb 5 Z B 2 L F B F (L™ Ac? e P a0 0 Al ) i+
P, S rb R R RIE F8E 52 107 3t % T e SR AT RS Ph A A [ A 5 o [R) 3 R kb IS ] DA i SR FH 1 4 0 B (206M +
207M+208M) ¥ 1E T4k

TN — e T 43 Ay PRSI ] BRSO R R e R S R A AR PSR FH AR A MBI s A o
B IR S SR DU L , (58 BT AT R R v e A I B R AASC i, LA 30 R BE A [ A0 32 (A A ) 5 S P A s R A A 4 5 A
FHUFALERAR BT SEF IEHE A, 4 TPC-MS (9433 T30 SRl AR R 52 1 i H AR | LIOR e KRR BE IR 4

2 ZERE5iFi$ (Results and discussion)
2.1 PAFPINER A ZR A0 o B2 LA
KA 2 PR AR 22 OR O Fh - 408 55 URRA 04 R A543 B b o 0 T E A B B e BB 7 Bl T 3R A KT B AR B R
7T HES e g AN E 1R NE 1 A IR, XFF Ce 1 P JG 2, i GBW07409 [y Cr F1 GSS-7 1Y Ph #h, il BR- 29,
ﬁ&-%ﬁ?ﬁ&-ﬂﬂ%a‘/ﬁﬁﬁ?ﬁi%%lﬁlllﬁt%ﬁﬁ 85%—100% 14315 Bl , 11 fi 192 -3 40 Ak S0 T e 4% 2 10 [l g SR WU 7 459%—100% 1)
AR, TSR -AT A A S R 3R 09 2 S R I W I 1K

227407409 GSsS-17 vz GSS-19 YW GSS-20 E=3GSS-25
BXIGSS-27 EEGSD-15 21070010
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Fig.1 Resulis of nitric acid-hydrofluoric acid-hydrochloric acid-hydrogen peroxide digestion system

and nitric acid-hydrogen peroxide digestion system

XFT As, PR - I IR-EE BR -1k S8 Ak S0 1R &R 19 1 3R AE 105%—135% , it R-5k 4801 S0 11 figk 1R 2 1O [l e A A

90%—110% , il & (45 FE AT it i , HEDU AT B8 M ERRT I AR A B Tl As™ 25 5 32 3] [F] it giﬁz%?‘“’ma SR/ A
1 SR B4R B2 R - JE e SE A T IR €L X As I T4 T Cd Je &K, 32 H1 T L d Cd & &8, ICP-MS Ay 45 5 nl fig

B —E WM sht: B GSS-7 # i, i e- 2 AR -4h W -1 &1k &0 TH MR 2 19 TRSCR 7R 90%—115% ; [ GBWO07409 £ 5,
TR -1 SR AL ST IR AR 2R 09 [BISCRTE 70%—110%.
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XF T Ni,Cu ., Zn 855, i B2~ 5U0R - 46 FR -1 4801k 20T A 1A 28 1Y) T ORI A 90%—110% , il R -5 4816 20 R R 1Y
B ZRTE 75%—110%.
2.2 PAFPINER A FR 0 25 LA

SR FH W1 AR 22001 O ol - 1815 OB A0 B0 150343 o v 0 O 0 A o 0 3, T P 1o 4 S 32 X il R - 0 L P -8 1R -
AR RZE, S5 E 2 iR . E 2 il REHR 2455/ T 0, K HER-E BUER-Eh R -1 Ak Sk e iy &
25 B BRI TSR - S AL S I E I FTE S U R AN ZE 5. Cr 7 P JCE MR 2% 9 -53.3%—3.1% , REBH BB IR
SER U R AR AR ZE R, A5G LR R P 28 AT, SRR Cr R Ph G 3R A A 45 SRR R R R A SRR
W T ST AR 2 4 (A S/ P A B JT % Cr A1 Pb ZufE LI 1) As AW 25 0 -32.0%——3.5% , £h BB % As
JCE R E 25 TR BT — B RYSEIA. Cd B 22 R —38.7%——0.8% , WA i fi 5 20 0 [T e R 45 TR B — 5 ) 22 Ni . Cu 11
Zn TCE R 2 ] -20.7%—0.7% , 2B =55 RAE-10%—0 Z 8], EFRIRBERBR X Ni \Cu M Zn BG5S MmN, 554 L
RN, FIEIR -1 F AL S EN E BT A S TT RS, 0] LUB L s e oo R 28 /KT i, 78 - b 3 4w AU P-4k
o X NiLCu Zn As Fil Cd TGE |, >R FHTR- S0 R - SR e -1 A0 Ab 0T Ff A 8 I J i AR R PR ST
2.3 AFHX HIEPESESERES o —=Cr —#—Ni —A—Cu —v—7n

R 5 5 W B HE R B 135 8, 3 2 R h TAs TG el
2 205, GSS-27 AR TR i K VLI BT, GSD-
15 ERET NS HERZZ 4B XA TURY, W& [ 8T
KR UURY. TCie S i FR-id S Mk S A IR S A R - E R TR -3k 1R -
R, KR UUBY Ph TG (Y [ i R B T Hofth 0%,
iR AL E TR Ph JT & 1Y ISR AT K 89% FlT 98% , i
W Ph T % SRR R R 1045 & oI Mgl T
HEE5. 60

GBW(E)070010 +38k H T2 E FL4 X, Z 8 A KR
WG SEMER , 149852 SR K v B M AR i i5 4,
Ni,Cu Al As TEZ BRI 3 T A 398 % FBR Cr TEZ L 2 PRI R AR A R 22
SN HA 6 Fh T2 Y Rk SR S Y [ i R g 8590~ (T D22 = (IR —iod S A0 S DU L~ R — SRR ~ £ -
105% (365 R P, 350 75 e 9022 5 44 4 FA B, 53805 Kok G E AR B E R /R - SRR — R e — 1 AL Sk E ()
T T SR EAS 7 4R o R Fig.2 Deviation of the two digestion systems

GSS-7 JEREF) R MI % Ak 238, vl LIEZHL, W
FIH AR R Cr AT Pb JCE B 25 34 7E + 10% DL A R -1 S0 (L 0319 Cr AT Ph ST (9 BN ZE AT 34 849% Al 80% , Hofth o
FE ORI E 80%—110% 22 8], B T JE ALAMARXT HoAth + e/ | R 4% o0 3 5% - e 4 A AL, T8 45 5 Bt - 4
PR .

ﬁ
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Soil/sediment composition analysis standard material

&2 DU R bR 5

Table 2 Soil/sediment composition analysis standard material

HR%HE e B2 SRR L X

Country number Number Sample type Sampling area

GBW07358 GSD-15 KRV FHERNCEZEEY X
GBWO07456 GSS-27 KRV TLIVE KRR BRI Y
GBW07407 GSS-7 -4 TR L R A A
GBW07449 GSS-20 +3 S R
GBWO07446 GSS-17 415 P52 RO S R L -
GBWO07409 07409 435 FRIR TN 1 B AR 3 Rh Al Y 12
GBW07448 GSS-19 +-35 HIGH G2 DA+
GBWO07454 GSS-25 435 VG 45 5 )1 8 -
GBW(E)070010 070010 135 2EFE X

GBWO07409 2 RE T HRILIT RS + B+ WEAEAE 3 PO Al Y +28 A A OL & i 1R a8 25 A LR o B
PSRN, LR IR - Ak 0 Y Tl SRR A i (8%, BRJGHE I8 H R E A% R B9 Cr R PD BOGZRAT, T i% 05 I R B 3R
3 T R EE S5 R, Ni , Cu R Zn TG EE 19 IR AR AR, 72 75%—85% M3 il N i IR - S il IR -k R -5 8 Tk i
FIMA T i AL S FT ATE 47 B A BT, He [ SRS TE 75% —125% B 5.

T GSS-17—G6SS-25, 405 g TR E PG E b & ffE 4 R M+ | 45 0 H W EICR R A— 2, B
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T Ni.Cu.Zn Fl As T, MNHR -1 A0 S0k 1 25 A4 7E 85%—105% 36 Rl 4. Cd T2 B T & b A%, i i Ay =K 14 T i
RGEREAT —E W22 | T A 30 9 A7 R0 18 1) 7 s AT it

3  45i8( Conclusion)

(1) XFF Cr F1 Pb JGE , iR -1 AL N IR R AR ST R A R B BN FIU R 2R g R, R A SRR, (kL
BT S ) Cr A PD A .

(2)XFTF As TCE , MR- TR -Fh B2 -1 4010 20T M A 3R 1 Bl SO s Al o= f&iﬂﬂﬁlﬁiﬁﬁihmgl/\éﬁi%%ﬁ ICP-
MS (I 5E F= A T B AL, R UL T A i RN sk e 5] AL T Cd oo, ZHF 8 od F iR E &, B
TH R 2 SRS S A — 5 R 2.

(3)XFF Ni,Cu Fl Zn PYZER SR -32 FUA0 S005 A 1R 3 100 TR IO 3RAE 75%—110% 13 FRL , 795 30 A 4% 3R 190 A 22 887D,
TR -3k A A S I A ] S A T R B 45 R ] LU () ) it T R 2= 17K

(4) XF LEAS [ 1l DX 3 25 ST 20, BRK R DT A% 188 P i) Ph B 2038 i Cr, -3 P8 43 Cr F1 Ph X LA
TR -1 AL SR R R AR E A TR E IR AS | R I SR FH A R 1 SR Ak SR 2R 8 S MERA A TEAS Cr AL Ph X 3038
B4 T T A MU A e i A 38 AR b X B SR+ B Ui A AL ST Y
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